to an Alu repetitive sequence 287 base pairs (bp) long has been described. 2 The ACE inBackground -Inhibitors of angiotensin converting enzyme (ACE) cause a non-sertion/deletion polymorphism was found to be associated with serum levels of ACE and, in productive cough. The insertion/deletion polymorphism of ACE was used as a gen-subjects who are homozygous for the D allele, the mean serum level of ACE is nearly twice etic marker to investigate the relationship between ACE genotype and cough sensi-as high as that of subjects homozygous for the I allele.
infection and none had asthma or were current angiotensin I to produce the potent vaso-A H Morice smokers. All gave informed consent and the constrictor angiotensin II, but also catalyses A J Turley study was approved by the hospital ethics com-K Linton the metabolism of other small peptides such mittee. as bradykinin, substance P, and enkephalins. occurs with compounds of differing chemical structure and is therefore likely to be due to the inhibition of ACE activity rather than to any idiosyncratic reaction. In vivo, ACE is run at maximum output. Subjects were asked capable of metabolising several small peptides to breath with tidal respiration. The number including substance P and bradykinin. We have of coughs during the minute of challenge was previously shown that ACE inhibition causes recorded as tussive blasts by an observer a change in the concentration-response reblinded to the genotypes of the subjects.
lationship to tussive challenge with capsaicin and have hypothesised that an increase in the perineuronal concentration of substance P un-    derlies the increased cough sensitivity which Five ml of venous blood was obtained and occurs in ACE inhibitor cough. 6 Indeed, instored at −40°C until the study was complete. creased levels of substance P are found in the Samples were amplified by the polymerase sputum of patients with ACE inhibitor cough.
chain reaction (PCR) using primers flanking
The cough produced by hypotonic solutions the corresponding region in intron 16 of the has been extensively studied and is char-ACE gene in accordance with a method modi-acterised by rapid tachyphylaxis. 8 The number fied from that of Rigat et al. 2 All samples were of coughs produced per minute is proportional analysed with a water blank and a known ID to the concentration of chloride in the nebulised genotype as a control marker. The PCR prod-solution, an observation which has been ucts were resolved on a 1% agarose gel and ascribed to the lack of a "permeant anion" visualised with ethidium bromide staining. The since replacement of chloride by acetate or 190 bp and 490 bp alleles were observed cor-bicarbonate still leads to coughing.
11 Hypotonic responding to the ACE diallelic polymorphism. solutions presumably alter the ionic composition of the airway surface liquid and extracellular fluid in adjacent paracellular spaces   causing discharge of the putative cough reThe data were analysed using the Mann Whit-ceptor. Airways surface liquid is the inner serney test and p values of <0.05 were considered ous fluid lining the trachea and bronchi and statistically significant.
consists of a layer 15-30 m thick with a chloride content of approximately 80 mmol/l. 12 The hypotonic composition of this layer is governed Results by active transport of ions -particularly the The distribution of genotypes in the study inward transport of sodium -by epithelial cells. population is given in table 1. The mean num-Inhalation of distilled water may be expected to bers of coughs for subjects of II and DD reduce the chloride content of airways surface liquid further.
Human somatic ACE is an extensively glycosylated protein of 170 kilodaltons which is uniquely reliant on monovalent anions, particularly chloride, for activity. 13 We hypothesised that cough produced by distilled water was caused by a local inhibition of ACE activity resulting from a reduction of chloride concentration in the airway surface liquid, and that subjects with genetically determined low ACE levels would therefore be more susceptible to cough produced by distilled water. Our results show that those subjects known to exhibit lower ACE activity (II genotype) have a significantly greater cough response than those of 
